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Table 1. Desired properties of fluorescent sensor molecules. 
G#6 !$-86J
m	G#M-'=B
























!D.ȊBE,D (Scheme 1)9,10 ;&
wOn~ʩɶĶ­4
ʛʩÝ
ƽȯ (H2O2) Ƞ3ǈŝʩȯȘ (Reactive oxygen species: ROS) .3êś1AC
îʑ
Ȁ0~ʩƸĐ3Ʌ˂Ǳ 
wOpɶĶ­7.ĘŸED (Scheme 2)11,12,13 
 
Figure 1. Absorption spectra with the biogenic substance and optical window3. 


























ƅɥɗÂŝa[ÍĤ (Figure 2, 
CyBA) Hŕ&ȟ 2 Ȟ-4
ɗÂćÇ1}NȯHĶÄ&ƅɥɗÂŝa[ÍĤ 
(Figure 2, JoSai-Red: JS-R) HóŨ&$,






























Figure 2. Structures of new fluorescent dyes. 
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ȟ 1 Ȟ: ʏʄęˌď (650900 nm) 1ÂĦǨŝHȑ!~ʩ·˒]KnȫɗÂ
yx (CyBA) 3ÍĤj\M 
 




Shinkai . James H×ř.&Ě3ΦȚW
y1A),
~ʩʤ«Hű*ɗÂŝȪÝĦa[ÍĤĒúE,&


























































Figure 3. Suggested structural change and fluorescence spectra of 1 (50 µM) upon 




IR-780ųBED (Figure 4, right)IR-780?ʏʄęˌď















Figure 4. Structures of indocyanine green (left) and IR-780 (right). 
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1)  Methanol, 80oC, 1.5 hr
2) 36% HCl aq
N- N+ N-Na+
Tetrahydrofuran/ water,







Figure 5. 1H NMR spectrum of CyBA in methanol-d4. 
























































Figure 7. Absorption and fluorescence (λex 659 nm) spectra of CyBA in methanol/water 
(1/1, v/v) containing HEPES (10 mM) solution at pH 7.4. 
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2-3 CyBA3 pH²ĥŝɺƤ 
 Ɯˋ14



































































Figure 8. (a) Fluorescence spectra of 2.0 µM CyBA (pH 4.0-12.0) and (b) pH profile of 
the fluorescence intensity at 700 nm of 2.0 µM CyBA. All samples were measured in 
methanol/water (1/1, v/v) containing 10 mM HEPES solution, λex 659 nm. The pKa value 
of CyBA was 9.52. 
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ȟ 3Ȥ CyBA3Qȵóŝ3ɲ³ 
 CyBA1 50 mM FruHǑ×








¬& (Figure 9) 
 




òȘ Fruǜň (0, 1, 2, 5, 10, 20, 50, 
100 mM) 1D CyBA3ɗÂ_|VkHǕĩ&Fruǜň3Ɗ1ª
ɗÂ








Figure 9. (a) Fluorescence spectra of 2.0 µM CyBA with 50 mM Fru. (b) pH profile of the 
fluorescence intensity at 700 nm of 2.0 µM CyBA in the absence and presence of 50 mM 
Fru. All samples were measured in methanol/water (1/1, v/v) containing 10 mM HEPES 

















































































































Figure 10. Fluorescence spectra of 2.0 µM CyBA upon addition of Fru (0-100 mM) in 
methanol/water (1/1, v/v) containing 10 mM HEPES solution at pH 7.4, λex 659 nm. 
Figure 11. Structures of D-fructose (Fru), D-glucose (Glc), D-galactose (Gal), D-mannose 









































































































































Table 2. Binding constants (K) of CyBA to sugars. 
Figure 12. Titration curve of fluorescence intensity at 700 nm of 2.0 µM CyBA 
(methanol/water (1/1, v/v) containing 10 mM HEPES solution at pH 7.4, λex 659 nm) 




ŷĲED (Scheme 4) 
 
  





















ɗÂĘÝHȑ! (Scheme 5)11,12  
 






















ĩƍʳȴʛœ3 700 nm3ɗÂŌňĩ.0)& (Figure 14b)3ƍ
ǯǩ





























Figure 13. Time dependence of fluorescent spectral changes for 2.0 µM CyBA 
without polyol upon addition of 1.0 mM H2O2 (0-15 min), measured in 




























Figure 14. (a) Time dependence of fluorescence spectral changes of 2.0 µM CyBA with 50 
mM Fru upon addition of 1.0 mM H2O2 addition (0-90 min). (b) Plot of fluorescence 
intensity at 700 nm upon addition of 1.0 mM H2O2. All samples were measured in 


































































Scheme 6. Proposed structural change of CyBA cyclic ester form reacted with H2O2. 
 17 






ʏʄęˌď1ÂĦǨŝ (λabs 659 nm, λem 726 nm) Hȑ

ȪČé6Æĥ1,



















?>$A!(λex 659 nm, λem 726 nm)'3-7	 





Table 3. Characters as fluorescent dye of CyBA. 
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ȟ 2 Ȟ: }Nȯ÷ƕƅɥ˔Ƨ (~ʩ÷ƕT[i˔Ƨ) 1ADɗÂyx 
(JoSai-Red: JS-R) 3ÍĤj\M 
 














































































Figure 15. Strategy of new fluorescent sensor molecule design. 
Figure 16. A typical structure and the new structure of fluorescent 





















JoSai-Red (JS-R) .ýõ& 
 
2-1 JS-R3óŨ.Ưʕǁĩ 
 3-(N,N-Dimethylamino)phenylboronic acid. folmaldehyde 37wt% solutionHʧʩ×-

















Scheme 8. Synthesis of JS-R. 
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   
 ;&
methanol×1Ǚɪ& JS-R1RiZ (CA) HǑ×
īǔ- 48ƍʳ




ǯǩP_iHŎŨ&ÍĤƯʕ-D.G)& (Figure 18) 
 
Figure 17. 1H NMR spectrum of JS-R in 25 mM phosphatebuffer/methanol-d4 (2/1, v/v) 
at pD 7.4. 


































































Figure 19. Absorption and fluorescence spectra (λex 611 nm) of JS-R in 
10 mM HEPES buffer at pH 7.4. 
 
λabs (nm) λem (nm) Φ
O-Pyronine26 547 562 0.40
Si-Pyronine26 634 648 0.42
JS-R 611 630 0.59
Table 5. Photophysical properties of pyronines. 
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2-3 JS-R3 pH²ĥŝɺƤ 
 Ɯˋ14
ò pH (pH 2.0-13.0) 1D JS-R3ɗÂ_|Vk3ǕĩȵƣHȑ!
JS-R4













































































































































Figure 20. Fluorescence spectra of 6.3 µM JS-R (pH 5.5-11.0) in 10 mM HEPES 







Figure 21. pH profile of the fluorescence intensity at 630 nm of 6.3 µM JS-R in 10 mM 





























Figure 22. 11B NMR spectrum of JS-R in 25 mM phosphate buffer/methanol-d4  
(2/1, v/v) at pD 7.4. Boron trifluoride diethyl etherate (BF3•OEt2) in chloroform-d 
was used as an external standard (0 ppm) for the 11B NMR. 
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ȟ 3Ȥ JS-R3Qȵóŝé6ÂĦĘÝRn`3ɺƤ 34 
 JS-R1 50 mM FruHǑ×
ò pH (pH 2.0-13.0) 1DɗÂ_|VkHǕĩ
&50 mM FruÆĥ3 JS-R4
pH 5.5B pH 113ņȥĈ pHƟ¨-
ĩ&
ɗÂ_|VkHȑ& (Figure 23) 
 
 






pH 5.5B pH 11.03 pHȥĈ-
Ȫ3ƕǠ1ACǱ &ĩ&ɗÂĘÝH pKa-ɸ




















































































































Figure 23. Fluorescence spectra of JS-R (6.3 µM in 10 mM HEPES buffer, λex 611 nm) 
in various pH without sugar (blue solid line) and with 50 mM Fru (red dotted line).  
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  Figure 24 (b) 1ȑ!A0Ȫ3ƕǠ1AD pKaˇ²ĥȀ0 JS-R3ɗÂĘÝ3ʝ
HɺƤ!D&>1










ɗÂŌň3ǒĸHȑ& (Figure 25) 
 
Figure 24. pH profile of the fluorescence intensity, (	) without sugar, (□) with 50 mM 
Fru. (a) 2.0 µM CyBA in methanol/water (1/1, v/v) containing 10 mM HEPES solution, λex 































































Figure 25. (a) Absorption spectra and (b) fluorescence spectra (λex 611 nm) of 6.3 µM JS-R 























































yW (Gaussian 09) Hǲ&įňƿʴƀǂ (Density functional theory: DFT, 
B3LYP/6-311G++(d)) 1ADɬȣHɚ)& 36JS-R é6 JS-R wVk_ɢó­ 





Ɠ¬țʊʜ (Lowest unoccupied molecular orbital: LUMO) 4
JS-Ré6 JS-R/Fru





















ěé6ɗÂƭěǃʰ3ʰǃʰȗÛHȑ&.ȿBED (Figure 26) 
Scheme 10. Equilibrium of JS-R and Fru and aqueous buffered solutions (10 mM HEPES, 
pH 7.4) irradiated by 532 nm laser, the left containing 6.3 µM JS-R and the right 



























òȘQ (Figure 11; Fru, Glu, Gal, Man, Fuc, Sor, 
Neu5Ac) ǜň1D JS-R 3ɗÂ_|VkHǕĩ
òȘQ1ĳ!Dȵ

































Figure 26. Calculated molecular orbitals and their energy level of JS-R and JS-R/Fru 





Table 6. Binding constants of JS-R to sugars. 











































Figure 27. Titration curve of relative fluorescence intensity at 628 nm of JS-R (5.0 
µM in 10 mM HEPES buffer at pH 7.4, λex 611 nm) against sugar concentration. 
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ǌ4˅ɏBƨɏ7ĘÝ& (Figure 28) 
 
 ;&
FruH÷;0 JS-RǙǌ.> 50 mM FruHǑ×
ǯǩP_iHŎŨ
#& JS-RǙǌ1








&Fru ˇĥČ-4 30 Í;-
Fru ĥČ-4 45 Í;-ȶƍȀ1ɗÂ_|Vk
HǕĩ!D.
JS-R4 FruˇĥČ3Ɔʔ@0ĘÝHȑ& (Figure 29a, b)JS-R
3ɗÂƭěǃʰ-D 630 nm. H2O2Æĥ3ɗÂƭěǃʰ-D 584 nm1D
ɗÂŌňHƺ (F.I.584 nm/F.I.630 nm).,
ƍʳ1ĳ,ygk!D.
Figure 29c, d




Figure 28. (a) Absorption spectra of 5.0 µM JS-R in the absence and the presence of 
100 µM H2O2, measured in 10 mM HEPES buffer at pH 7.4. (b) Photograph of JS-R 





























 H2O2.ȯƉêś&ǯǩP_iHŎŨ,0 JS-R 1*,
òȘ H2O2




584 nm. 630 nm3ɗÂŌňƺ
H H2O2ǜň1ĳ,ygk!D.
0 µMB 100 µM H2O2ǜňȥĈ-
ȆȺŝH














































































































Figure 29. Time dependence of fluorescence spectral changes of 5.0 µM JS-R upon 
adding 1.0 mM H2O2, (a) JS-R without Fru, (b) JS-R with 50 mM Fru. Plots of 
fluorescence intensity ratio of 584 nm/630 nm of 5.0 µM JS-R upon addition of 1.0 mM 
H2O2, (c) JS-R without Fru, (d) JS-R with 50 mM Fru. All samples were measured in 10 




Figure 30. Fluorescence spectra (a) and titration curve concentration of H2O2 vs. 
fluorescence intensity ratio of 584 nm/630 nm (b) of 5.0 µM JS-R without Fru 15 minutes 






















































































































ʬÍƢ) 1ADƯʕɪƢHĪƇ&êśǱŨǧ3ÍĤMQvV (267.1498 m/z) 
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Figure 31. (a) Proposed structural change of CyBA cyclic ester by H2O2. (b) 







































































Figure 32. Fluorescence spectra of JS-R (5.0 µM in 10 mM HEPES buffer at pH 7.4) in 
the absence and presence of 50 mM Fru. (a) JS-R without addition of H2O2, λex 611 nm. 











Scheme 11. Proposed structural change of JS-R reacted with H2O2.  
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L:L%HN((λex 611 nm, λem 630 nm),>5B	 







Table 7. Characters as fluorescent dye of JS-R. 
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ȟ 3Ȟ: CyBAé6 JS-R3ʞǲ1ʴ!Dƫɭ 
 






















ʩ. H2O2HǱŨ!D (Scheme 12)40,413A0ʨȯêś4
˃ƼÝĦȀƆǂ@
ùɏǂ1ADWZ_a[1ÐǲE,&GOx3ʨȯêś-ǱŨED





























































!Dȵóĩƀ 4IQBAé6 JS-R.ƺʌ,˕.G)& (Table 8)$-





DʠŬŝ (Neu5Ac/Fru)  4IQBA3Ȭ 16¸





















Figure 34. Chemical structures of 4IQBA, CyBA and JS-R. 
4IQBA CyBA JS-R
Fru 1794.1 173.2 112.1
Glc 207.5 4.0 3.3
Neu5Ac 87.0 135.4 11.2
Table 8. Binding constants K (M-1) of 4IQBA, CyBA and JS-R. 
Table 9. The ratios of binding constant in Table 8. 
4IQBA CyBA JS-R
Glc/Fru 0.1157 0.023 0.029






Figure 29c, dé6 Figure 14b3Ī˓ȵƣHĐ1ǥĳƀygkH®Ũ

êśʔňĩƀ (k)HȣÌ&ǯǩP_iHŎŨ,0 JS-Ré6 Fru.ǯ
ǩP_iHŎŨ& JS-R4
584 nm. 630 nm3ɗÂŌňƺ (FR) Hƾ>
ɗÂŌ
ňƺ3Ɠěº (FRlim) BŁ (FRlim - FR) HȣÌ
EHɊǡĳƀ.
ƍʳ1ĳ
,ǥĳƀygkH.D.-ȆȺÝ& (Figure 35a, b)3ƍ
[JS-R] << [H2O2] 
(5.0 µM JS-R, 1.0 mM H2O2) -D.B
ż 1Ƶêś.<0,ȆȺ3½B k 
(s-1)HȣÌ&(ŋ 1, 2, Table 10) !" = !"$%&(1 − *+,-)  (ŋ 1) ln	(!"$%& −!") = −23 + ln!"$%&  (ŋ 2) 
FR; 584 nm. 630 nmBƾ>&ɗÂŌňƺ (F.I.584 nm/F.I.630 nm)
FRlim; ɗÂŌňƺ 
(F.I.584 nm/F.I.630 nm) 3Ɠěº
k; êśʔňĩƀ (s-1)









[CyBA] << [H2O2] (2.0 µM CyBA, 1.0 mM H2O2) -D.B
ż 1Ƶêś.<0
,ȆȺ3½Bêśʔňĩƀ k (s-1) HȣÌ& (ŋ 3, 4, Table 10) !. 6. = !. 6.7 *+,-  (ŋ 3) 89!. 6. = −23 + ln!. 6.	7  (ŋ 4) 
 F.I.; 700 nm1DɗÂŌň
F.I.0; H2O2Ǒ× 0Í3 700 nm1DɗÂŌň
k; 
êśʔňĩƀ (s-1)





















Figure 35. Kinetic plots of fluorescence intensity or fluorescence intensity ratio of the 
pseudo-first order reaction of new fluorescent sensors to H2O2 (1.0 mM). (a) JS-R (5.0 















































CyBA without Fru -
CyBA with 50 mM Fru 1.50×10-3
JS-R without Fru 1.11×10-2
JS-R with 50 mM Fru 1.90×10-3
Reaction constants k (s-1)





Table 11. Summary of CyBA and JS-R properties. 
CyBA A/&1/D JS-R
- KAH&7= Φ  0.59
λabs 659 nm, λem 726 nm FE$J! (9>:650-900 nm)'6/= -
- 6)pHJ!A#= -


















Ɠ?¥ɝȀ0]Kʩ-D Neu5Ac @ N-























ɗÂ¾HŕDĪ˓ȫHƯȦ& (Figures 1 and 37)3Ī˓ȫ
-4




.ŠED (Scheme 13) 
 











































































Scheme 13. Evaluation system of fluorescence image of JS-R (10 µM in PBS containing 
50% DMSO solution at pH 7.4) in the absence (a) and presence (b) of 30 mM Neu5Ac, 























Figure 38. Fluorescence image of 10 µM CyBA in PBS containing 50% DMSO 
solution, (left) CyBA without Neu5Ac, (right) CyBA with 30 mM Neu5Ac. 
Scheme 14. Preparation of 5% polyvinyl alcohol (PVA) gel containing 10 µM CyBA 
without and with 30 mM Neu5Ac in PBS containing 50% DMSO solution at pH 7.4 (a). 
Evaluation system of fluorescence image of 10 µM CyBA without and with 30 mM Neu5Ac 























Figure 39. Fluorescence image of 10 µM CyBA in the absence and presence of 30 
mM Neu5Ac in 5% PVA gel. 
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ȟ 4Ȥ JS-R3 GOxHȳ<óG#&WZ_a[73ʞǲ3ƫɭ 









_QT]eb (GOx) 3ʨȯêś-ǱŨED H2O2 HƫÌ!D.1Đ+&W















JS-R3ɗÂƭě 629 nmB 584 nm7ȋǃʰĘÝHȑ& (Figure 41)
3ĘÝ4
JS-R 1ȆŶ H2O2 HǑ×&ʾ.ôư3ɗÂ_|VkĘÝ-)& 
(Figure 28, Scheme 11)&),
Figure 41-ɨĲE&ɗÂ_|VkĘÝ4

Glc. GOx.3êś1ACǱŨ& H2O2. JS-Rêś
O-pyronine1ƯʕĘÝ
Figure 40. Fluorescence spectra of 5.0 µM JS-R without Glc solution in the absence and 

































ɗÂŌňƺ (F.I.584 nm/F.I.630 nm) 4Ȭ 11-ĩºHȑ& (Figure 42)
E4
JS-R Glc 1.0 mM3¬ǜňƟ¨-),? H2O2H˕ţň1ƫÌ-D
.Hȑ,D!0G(
¬ǜň3 GlcBǱŨE& H2O21A), JS-RÅ,
ÍɪE
O-pyronine1ĘŸE&.ȿBED (Scheme 15) 
 GOx HÐǲ&ɍȀ0 Glc ǕĩTgk4
1 ã«D4 2 ã«3 GOx ÷;
E,C
Glcǜň 1-33 mM (20-600 mg/dL) 3ǜňȥĈ-ǕĩîɃ-DƜȤ-ǲ












Figure 41. Fluorescence spectra of 5.0 µM JS-R containing 10 µg/mL GOx solution 






































Figure 42. Fluorescence intensity ratio of 584 nm/630 nm vs. concentration of Glc 
(0-20 mM) plot, measured in 5.0 µM JS-R containing 10 µg/mL solution in the 10 
mM HEPES buffer at pH 7.4, λex 564 nm. 
Scheme 15. Fluorescent Glc sensing system based on detection of H2O2 by using structural 

























































GOxÆĥ1, 1.0 mM3¬ǜň Glc-ǱŨE& H2O2.êś,




















 ƜΦȚȟ 1Ȟé6ȟ 2Ȟ-
a]Wʤ«.,}NȯHƕ!D 2*3ƅɥɗÂ






































































ΦȚȕɕÿǧǮÝĦɽŉſŴ ʵµƐ ÁǱ1Ǐǰ0DɾšHɝ;! 
 ƜΦȚ1ʴ,
ŖŲĶ61ŖØɫHʁC;&ĎɣěĦěĦʹɕĦΦȚȕÞɕ
ÿÝĦɽŉſŴ čƜƶï ÁǱ1Ǐɾ3šHɝ;! 
 ƜΦȚ1ʴ,
ŖŲĶ61ŖØɫHʁC;&ĎɣěĦěĦʹɕĦΦȚȕ Þ
ɕÿħÅŝɽŉſŴ ʭƜʢǴ ÁǱ1Ǐɾ3šHɝ;! 
 ƜΦȚ1ʾ
ȲġŖŲĶ61Ěě0DŖØɫHʁC;&ĎɣěĦěĦʹɕĦ
ΦȚȕɕÿǧǮÝĦɽŉÉſŴ ǀĿȓĀ ÁǱ1Ǐɾ3šHɝ;! 
 ƜΦȚ1ʾ
ȲġƕȂ0ŖØɫHʁC;&ĎɣěĦěĦʹɕĦΦȚȕɕÿǧǮ
ÝĦɽŉØŪ ƚǍĜʣ ÁǱ1Ǐɾ3šHɝ;! 
 ƜΦȚ3ãȵƎ XȺƯʕɪƢ1ʴ,
ŖâÖé6ŖŲĶHʁC;&đǬěĦě
ĦʹǮŀĦΦȚȕǧʂȕĦʤʱǧʂƴɃˌď ÉſŴ Ȍˀě ÁǱ61đǬ











  Boron trifluoride diethyl etherate liquid(BF3•OEt2), 3-(N,N-dimethylamino)phenylboronic 
acid, dimethylsulfoxide-d6 (DMSO-d6), formaldehyde 37 wt% solution ACS reagent, glucose 
oxidase from Aspergillus Niger, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), 
IR-780 iodide, 4-isoquinolineboronic acid, D-sorbitol4
]WKlgf^só
ô©Ȓ  (ơ¡ ) BʃÄ&Acetic acid (ɳɕǨȮ ), chloroform (ɳɕǨȮ ), 
dichloromethane (ɳɕǨȮ), N,N-dimethylformamide (ƕƴóŨǲ, ʇɅƽ), disodium 
hydrogenphosphate (ɳɕǨȮ), D-fructose (ɳɕǨȮ), D-glucose (ɳɕǨȮ), hydrogen 
chloride (ǨȮɳɕ), hydrogen peroxide (ɳɕǨȮ), magnesium sulfate anhydrous (ɳɕǨ
Ȯ), methanol (HPLCǲ), methanol-d4 containing 0.05% TMS (NMR), polyvinyl alchol 
2,000 (ɳɕ ), sodium azide (ǨȮɳɕ ), sodium chloride (ɳɕǨȮ ), sodium 
dihydrogenphosphate (ɳɕǨȮ), sodium oxide (ǨȮɳɕ), tetrahydrofuran (ƕƴóŨǲ, 
ʇɅƽ), triethylamine (ǨȮɳɕ) 4þÂȭɕŀƬƥŋ©Ȓ (ěʷ)BʃÄ&
2-(Bromomethyl)phenylboronic acid4
Combi Blocks (Inc., CA, USA) BʃÄ&
D-Galactose, D-mannose 4
ơ¡ÝŨƥŋ©Ȓ  (ơ¡ ) BʃÄ&
5-Acetylneuraminic acid 4
ʰɎ[MP_ƥŋ©Ȓ (Ľʶ) BʃÄ&Sodium 
sulfate4
ʴ ơÝĦƥŋ©Ȓ (ơ¡) BʃÄ&L-Fucose4
mRMi_V (¡
ʥ) BʃÄ&Cresyl Violet (for fluorescence standard reference) 4
Z_rM




ɧƽŝ PTFE, OMNIPORExwLd (25 mm, pore size 0.2 µm) V
ƥŋ©Ȓ (ơ¡) BʃÄ&660 nmrls_wLd4
aigV^s





JMS-700 (ƈƜ˃Ĥƥŋ©Ȓ, ơ¡) H°ǲ&òȘ NMR_|
Vk4
Varian 400 MR (Varian Inc., CA, USA) -Ǖĩ&ÀȯÍƢ4
CHNZ
e MT-6 (ƥŋ©ȒKmigVmZ, ¡ʥ) H°ǲ&òȘøë_|Vk4











Smart flash AI-580S (ļăƥŋ©Ȓ, ěʷ) H°ǲ&
ãȵƎ XȺƯʕɪƢ4
đǬěĦ1, APEX CCD (Burker Inc, MA, USA) H°ǲ
&ÍĤjW4
WinmostarTM (ƥŋ©ȒV_KuiL, ơ¡) H°ǲ&
ʬĤÝĦɬȣ4
Gaussian 09 ver. 5.02 (Gaussian Inc., CT, USA) H°ǲ&Tap
ÂǗ4







1-1. 2-(Aminomethyl)phenylboronic acid hydrochloride3óŨ 
 Sodium azide 390 mg (6.00 mmol) H ɓ ǵ ƽ 14 mL 1 Ǚ ɪ  # & 
2-(Bromomethyl)phenylboronic acid 859 mg (4.00 mmol)H tetrahydrofuran 3.0 mL1Ǚɪ
#
sodium azide ƽǙǌ1ǚ-×&ǐóǧH 65QMr_Ç- 90 Íʳ×
ǣ&êśʲġ 90Íœ
êśǙǌHīǔ;-Èå
ethyl acetate (20 mL × 2) -ŭ
Ì&ƕƴĻHˑþːĔƽ-ǆǊ&œ





2-(azidomethyl)phenylboronic acidH methanol 10 mL
1Ǚɪ#









êśǙǌ1ɓǵƽ 30 mL. chloroform 30 mL
H×





ǿɏĉ­Hŕ& (ëʬ 181 mg, ëǫ 24.2%) 
FAB-MS (positive mode, glycerol matrix), 208 m/z, [M-Cl+glycerol-2H2O]+. 
1H NMR (400 MHz, DMSO-d6): δ 8.44 (s, 2H), 8.04-8.03 (s, 3H), 7.77-7.74 (d, 1H), 
7.44-7.33 (m, 3H), 4.18-4.14 (s, 2H). 
 
1−2. CyBA3óŨ 
 IR-780 iodide 335 mg (0.502 mmol). 2-(aminomethyl)phenylboronic acid hydrochloride 
143 mg (0.764 mmol)H N,N-dimethylformamide (ʇɅƽ ) 5.00 mL 1Ǚɪ#
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, CyBAHŕ& (ëʬ 94.0 mg, ëǫ 24.1%) 
 FAB-MS (positive mode, glycerol matrix), 710.5 m/z, [M-Cl+glycerol-2H2O]+. 1H NMR 
(400 MHz, methanol-d4): δ 7.63 (d, 2H), 7.51-7.40 (m, 4H), 7.34-7.29 (m, 4H), 7.10-7.06 (m, 
4H), 5.87 (d, 2H), 4.90 (s, 2H), 3.92 (t, 4H), 2.56 (t, 4H), 1.88 (t, 2H), 1.80 (m, 4H), 1.45 (s, 
12H), 1.01, (t, 6H). 13C NMR (100 MHz, methanol-d4): δ 168.58, 167.89, 143.02, 141.28, 
139.99, 139.74, 132.88, 129.70, 128.27, 127.95, 127.11, 122.75, 121.59, 120.34, 108.92, 
94.97, 54.79, 44.09, 27.42, 24.51, 21.61, 19.76, 10.31. Elemental analysis, calculated for 




2-1. 2-(Aminomethyl)phenylboronic acidé6 CyBA3ʂʬÍƢ 










2-2.  2-(Aminomethyl)phenylboronic acid hydrochloride é6 CyBA 3 NMR Ǖĩ 
(Figures 5, 44, 45) 
 









Figure 43. FAB-MS (positive mode) and structure of 2-(aminomethyl)phenylboronic 
acid glycerin complex. 







 HEPES (10 mM) H÷=methanol/water (1/1, v/v) Ǚǌ (pH 7.4) - 4.0 µM CyBAǙǌ
HǕĩ3Òƈ1ɺɡ&3 CyBAǙǌ3øë_|VkǕĩHɚ)&CyBA3
øëƭěǃʰ (λabs) 4 659 nm
øÂ´ƀ4 1.1×105 M-1cm-1-)& 
 
3-2. ɗÂ_|VkǕĩ 
 HEPES (10 mM) H÷=methanol/water (1/1, v/v) Ǚǌ (pH 7.4) - 2.0 µM CyBAǙǌ
HǕĩ3Òƈ1ɺɡ&3 CyBA Ǚǌ3ɗÂ_|Vk4
īǔ-Ǖĩ&
ɗÂÂňɬ3ǕĩƟ¨ɯĩ4¦3ʓC-D (Ùʆǃʰ (λex) 659 nm, Ǖĩǃʰȥ
Ĉ 450-900 nm, ʅƤʔň Fast, [yWʳʽ 1.0 nm, rlŃ Ùʆ 10 nm ǾÂ
10 nm, ţň Low)CyBA3ɗÂƭěǃʰ (λem) 4
726 nm-)& 
 
Figure 45. 13C NMR spectrum of CyBA in methanol-d4. 
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3-3. ɗÂʬĤëǫ (Φ) 3ȣÌ 
 ǃʰ 600 nm1DøÂň 0.02¦10DA0ǜň3 CyBA (0.20 µM) é6
Cresyl Violet (0.20 µM) 3 methanolǙǌHɺɡ
Ǚǌ3 600 nm3øÂňHǕĩ
& (CyBA 3øÂň=0.0113, Cresyl Violet 3øÂň=0.00756)Ƶ1
ôǙǌHǲ,
ò3ɗÂ_|VkHǕĩ&ɗÂÂňɬ3ǕĩƟ¨ɯĩ4¦3ʓC-D 
(λex 659 nm, ǕĩǃʰȥĈ 450-900 nm, ʅƤʔň Fast, [yWʳʽ 0.2 nm, r
lŃ Ùʆ 1.5 nm ǾÂ 5 nm, ţň High)òȘɗÂ_|Vk3àºŃ (ɗÂŌň
ºƓěɗÂŌňº3àÍ10Dǟ3Ƴʋ3Ń) Hǲ,ɬȣ&ˈșHF.,ȣ
Ì& (CyBA3 F=54.9, Cresyl Violet3 F=5201)Ʊǘɳɕ (Cresyl Violet) 3ɗÂʬ
Ĥëǫ4
methanol×-Ùʆǃʰ 600 nm1DɗÂʬĤëǫ (Φst) = 0.54 Hǲ&
51ɮ-ƾ>& CyBAé6 Cresyl Violet3øÂň
ɗÂ_|Vk3àºŃˈș

Cresyl Violet3 Φst = 0.54 H¦3ŋ1¥Ä
CyBA3ȇĳȀɗÂʬĤëǫ (Φsm) H
ȣÌ& 5,26,52 :;&˘ <=>?=>@=A?=A@=>   (ŋ 5) 
Φsm : Ǖĩɳƃ3ɗÂʬĤëǫ
Φst : Ʊǘɳƃ3ɗÂʬĤëǫ
Asm : Ǖĩɳƃ3 600 
nm1DøÂň





 Methanol×1D CyBA3 Φsm4
3.8×10-3-)& 
 
4. CyBA3ò pH1DɗÂ_|VkǕĩ. pKa3ȣÌ 
 HEPES (10 mM) H÷=methanol/water (1/1, v/v) Ǚǌ (pH 7.4) - 2.0 µM CyBAǙǌ
HǕĩ3Òƈ1ɺɡ&E1 1 M NaOH aqD4 1 M HCl aqHǑ×
pH 0.5
ʳʽ-òȘ pH (pH 4.0-12.0) 1ɺƁ
$3ɗÂ_|VkHǕĩ&ɗÂÂňɬ
3ǕĩƟ¨ɯĩ4¦3ʓC-D (λex 659 nm, ǕĩǃʰȥĈ 550-900 nm, ʅƤʔ
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ň Fast, [yWʳʽ 1.0 nm, rlŃ Ùʆ 10 nm ǾÂ 10 nm, ţň Low)ò
Ș pH1D CyBA3 700 nm3ɗÂŌňH pH1ĳ,ygk&Kaleidagraph
Hǲ,RxwLgiLWHɚ
ąłƑȺB CyBA3}Nȯ3 pKaHƾ>&










2.0 µM CyBAǙǌHǲ, 50 mM Fru.0DǙǌHǕĩ3Òƈ1ɺɡ
ô




5. CyBA3òȘȪǜň1DɗÂ_|VkǕĩ.ȵóĩƀ K3ȣÌ 






ǕĩƟ¨ɯĩ4¦3ʓC-D (λex 659 nm, ǕĩǃʰȥĈ 550-900 nm, ʅƤʔň 
Fast, [yWʳʽ 1.0 nm, rlŃ Ùʆ 10 nm ǾÂ 10 nm, ţň Low)òȘ














6. CyBA3 H2O2êśŝ3ɺƤ 
6-1. ǯǩP_iǠŎŨ3 CyBA73 H2O2Ǒ×ƍ3ȶƍȀɗÂ_|VkǕĩ 
 HEPES (10 mM) H÷=methanol/water (1/1, v/v) Ǚǌ (pH 7.4) - 2.0 µM CyBAǙǌ
HǕĩ3Òƈ1ɺɡ&Ǖĩōƈ1









|VkHǕĩ&ɗÂÂňɬ3ǕĩƟ¨ɯĩ4¦3ʓC-D (λex 659 nm, Ǖ
ĩǃʰȥĈ 550-900 nm, ʅƤʔň Fast, [yWʳʽ 1.0 nm, rlŃ Ùʆ 10 
nm ǾÂ 10 nm, ţň Low) 
 
6-2. Fru.ǯǩP_iHŎŨ& CyBA73 H2O2Ǒ×ƍ3ȶƍȀɗÂ_|Vk
Ǖĩ 
 ɮ 2.0 µM CyBAǙǌHǲ,


















Table 12. Concentration (mM) of polyol for fluorescence measurement and calculation of 
binding constants K (M-1). 
Binding constans K  (M-1)
Fru 0 1 2 5 10 20 50 100 173.2
Glc 0 10 20 50 100 200 500 1000 4.0
Gal 0 1 2 5 10 20 50 100 200 35.6
Man 0 1 2 5 10 20 50 100 200 11.1
Fuc 0 1 2 5 10 20 50 100 200 12.0
Sor 0 1 2 5 10 20 50 100 317.0
Neu5Ac 0 0.1 0.2 0.5 1 2 5 10 20 30 135.4










1-1. JS-R3óŨ (Scheme 15) 
 3-(N,N-Dimethylamino)phenylboronic acid 3.00 g (18.2 mmol)H acetic acid 15 mL1Ǚ
ɪ#
formaldehyde 37% solution 6.8 mL (91 mmol) H×, 85QMr_Ç- 2
ƍʳźů&êśǐóǧHīǔ;-Èå
ˑ þǞʩƽȯmkNƽ-×þ&
ǐóǧH dichloromethane (100 mL × 3) -ŭÌ&ƒ1
ƕƴĻHˑþːĔƽ-ǆǊ





dichloromethane/methanol = 100/0 → 0/100) -Ȩȩɡ
crude JS-R.,˅ɏĉ­H
ŕ&ȷ,
crude JS-RH pH 23 HCl aq1ĨÅ1Ǚɪ#&œ
1 M NaOH aqH
×, pH 31ɺƁ&ǝʛHɚ
ǋʚǧHʺç&œ




ů&ƢÌ&˅ɏĉ­H JS-R (borinic acid form) .,ǝì& (ëʬ 39.0 mg, 
÷ʬ 63.5%) 
 EI-MS: 279 (M+ without Cl-), 1H NMR (400 MHz, methanol-d4): δ 7.76 (s, 1H), 7.58 (d, 
2H), 7.24 (s, 2H), 6.83 (d, 2H), 3.34 (s, 12H). 13C NMR (100 MHz, methanol-d4): δ 161.06, 
157.53, 142.73, 130.22, 119.12, 113.74, 40.87. Elemental analysis, calculated for 
C17H24N2BO3Na2.5Cl3.5 [JS-R (borinic acid form) •5/2NaCl•2H2O]: C 41.09, H 4.87, N 5.64%, 
found: C 41.26, H 5.00, N 5.44%. 
 















1-2. JS-R/CA complexȵƎÝ 
 Crude JS-R 48.9 mgH methanol 5 mL1Ǚɪ
CA 92.9 mgH×&ǐóǙǌHī
ǔ- 48 ƍʳˆȾ&ƢÌ& JS-R/CA ɢó­3ȵƎH PTFE xwL
d-ǝì








 JS-R (borinic acid form) 3 1H NMR
13C NMR_|VkHǕĩ& (Figures 47, 48)
11B NMR4
boron trifluorodiethyl etherate (BF3•OEt2) H chloroform-d×-Ǖĩ
Đ
ǘvV (0 ppm) .&JS-R3 11B NMR_|Vk4
JS-R (bornic acid form) H
25 mM phosphate buffer/methanol-d4 (pD 7.4) 1Ǚɪ#,
 JSR.,ǕĩHɚ)& 
(Figure 22) 






Figure 47. 1H NMR spectrum of JS-R (borinic acid form) in methanol-d4. 
Figure 48. 13C NMR spectrum of JS-R (borinic acid form) in methanol-d4. 
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2-4. ãȵƎ XȺƯʕɪƢ 
 đǬěĦ1,





 HEPESȼɜǌ (10 mM, pH 7.4) - 6.3 µM JS-RǙǌHɺɡ
øë_|VkHǕ
ĩ&JS-R3 λabs4 611 nm




3ʓC-D (λex 611 nm, ǕĩǃʰȥĈ 500-800 nm, ʅƤʔň Fast, [y




3-3. ɗÂʬĤëǫ Φ3ȣÌ 
 ǃʰ 600 nm 1DøÂň 0.02 ¦10DA0ǜň3 JS-R (0.20 µM)3
methanolǙǌHɺɡ
600 nm3øÂňHǕĩ& (JS-R3øÂň = 0.0175)Ƶ1

ôǙǌHǲ,ɗÂ_|VkHǕĩ&ɗÂÂňɬ3ǕĩƟ¨ɯĩ4¦3ʓC
-D (λex 600 nm, ǕĩǃʰȥĈ 450-900 nm, ʅƤʔň Fast, [yWʳʽ 0.2 
nm, rlŃ Ùʆ 3 nm ǾÂ 3 nm, ţň High)ɗÂ_|Vk3àºŃ (ɗÂŌ
ňºƓěɗÂŌňº3àÍ10Dǟ3Ƴʋ3Ń) Hǲ,ɬȣ&ˈșHF.,
ȣÌ& (JS-R3 F = 10508)ɮ-ƾ>& JS-R3øÂň
ɗÂ_|Vk3àºŃ
ˈș
ȟ 1Ȟ 3-3.1ȑ& Cresyl Violet3ºH (ŋ 5) 1¥Ä
JS-R3 ΦsmHȣÌ
& 5,26,52 




4. òȘ pH1D JS-R3ɗÂ_|VkǕĩé6
pKa3ȣÌ 
 HEPESȼɜǌ (10 mM, pH 7.4) - 6.3 µM JS-RǙǌHǕĩ3Òƈ1ɺɡ&E
1 1 M NaOH aqD4 1 M HCl aqHǑ×
pH 0.5ʳʽ-òȘ pH (pH 2.0-13) 1
ɺƁ
$3ɗÂ_|VkHǕĩ&ɗÂÂňɬ3ǕĩƟ¨ɯĩ4¦3ʓC-
D (λex 611 nm, ǕĩǃʰȥĈ 500-800 nm, ʅƤʔň Fast, [yWʳʽ 1.0 









6.3 µM JS-RǙǌHǲ, 50 mM Fru.0DǙǌHǕĩ3Òƈ1ɺɡ
ô






JS-R é6 JS-R/Fru 3ÍĤƯʕH®
Ũ&®Ũ&òÍĤƯʕHÏƙƯʕ.,




D  (DFT, B3LYP/6-311++(d), solvent water)36ǙģÚƣ4
ʖȷɶ˃­j 
(Polarizable continuum model: PCM) Hǲ,ɬȣ& ƓʞÝE&òȘƯʕ3
HOMOé6 LUMO3PoU (a.u.) H eV1Ÿȣ& (1 Hartree (a.u.) = 27.2114 
eV)òȘʊʜ3PoU3ɬȣȵƣH¦1ȑ! 
JS-R: (HOMO -5.47 eV, LUMO -2.83 eV), JS-R/Fru: (HOMO -5.48 eV, LUMO -2.90 eV) 
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6. ȵóĩƀ K3ȣÌ 




13)ɗÂÂňɬ3ǕĩƟ¨ɯĩ4¦3ʓC-D (λex 611 nm, ǕĩǃʰȥĈ 
550-800 nm, ʅƤʔň Fast, [yWʳʽ 1.0 nm, rlŃ Ùʆ 3 nm ǾÂ 3 








7. JS-R73 H2O2Ǒ×Ī˓ 
7-1. øë_|VkǕĩ 
 HEPESȼɜǌ (10 mM, pH 7.4) - 5.0 µM JS-RǙǌHǕĩ3Òƈ1ɺɡ&Ǖĩ
ōƈ1
3Ǚǌ3øë_|VkH 0 µM H2O2.,Ǖĩ&ƒ1
5.0 µM JS-R
ǙǌHǲ,
100 µM H2O23ǙǌHɺɡ&ɺɡB 15Íȴʛœ1øë_|Vk
HǕĩ& 
 
7-2. ǯǩP_iǠŎŨ3 JS-R73 H2O2Ǒ×ƍ3ȶƍȀɗÂ_|VkǕĩ 
Table 13. Concentration (mM) of polyol for fluorescence measurement and calculation of 
binding constants K (M-1). 
Binding constans K  (M-1)
Fru 0 1 2 5 10 20 50 100 112.1
Glc 0 5 10 20 50 100 200 500 1000 3.3
Gal 0 5 10 20 50 100 200 500 2.3
Man 0 5 10 20 50 100 200 500 1000 4.2
Fuc 0 2 5 10 20 50 100 200 500 2.4
Sor 0 1 2 5 10 20 50 100 43.3
Neu5Ac 0 0.1 0.2 0.5 1 2 5 10 20 11.2
Concentration of polyol (mM)
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ÂÂňɬ3ǕĩƟ¨ɯĩ4¦3ʓC-D(λex 564 nm, ǕĩǃʰȥĈ 550-800 nm, 




 ɮ 5.0 µM JS-RǙǌHǲ,




















7-4.  ǯǩP_iǠŎŨ3 JS-R3òȘ H2O2ǜň1DɗÂ_|VkǕĩ 
 HEPESȼɜǌ (10 mM, pH 7.4) - 5.0 µM JS-RǙǌHǕĩ3Òƈ1ɺɡ&Ǖĩ
ōƈ1
3Ǚǌ3ɗÂ_|VkH 0 µM H2O2.,Ǖĩ&ƒ1
5.0 µM JS-R
ǙǌHǲ,






7-5. JS-R. H2O2.3êśǱŨǧ3QȵóɃ3ɺƤ 















8. JS-R. H2O2.3êśǱŨǧ3ƯʕɪƢ 
 JS-R (borinic acid) 1.30 mgH methanol 500 µL1Ǚɪ#






















(Table 14)ɗÂÂňɬ3ǕĩƟ¨ɯĩ4¦3ʓC-D(λex 331 nm, Ǖĩǃʰȥ
Ĉ 300-550 nm, ʅƤʔň Fast, [yWʳʽ 1.0 nm, rlŃ Ùʆ 10 nm Ǿ








2. CyBAé6 JS-R3 H2O21ĳ!Dêśʔňĩƀ k3ȣÌ 
2-1. ǯǩP_iHŎŨ& CyBA3 H2O21ĳ!D k3ȣÌ 
 [CyBA] << [H2O2] (2.0 µM CyBA, 1.0 mM H2O2) -D.B
ż 1Ƶêś.<0
, k (s-1)HȣÌ& 





Table 14. Concentration (mM) of polyol for fluorescence measurement and calculation of 
binding constants K (M-1). 
Binding constans K  (M-1)
Fru 0 1 2 5 10 20 50 100 1794.1
Glc 0 10 20 50 100 200 500 1000 207.5
Neu5Ac 0 0.1 0.2 0.5 1 2 5 10 20 30 87.0
Concentration of polyol (mM)
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 !. 6. = !. 6.7 *+,-  (ŋ 8) 89!. 6. = −23 + ln!. 6.	7  (ŋ 9) 
 F.I.; 700 nm1DɗÂŌň
F.I.0; H2O2Ǒ× 0Í3 700 nm1DɗÂŌň
k; 
êśʔňĩƀ (s-1)
t; H2O2Ǒ×œ3ȴʛƍʳ (s) 
 
2-2. ǯǩP_iǠŎŨé6ŎŨ1D JS-R3 H2O21ĳ!D k3ȣÌ 
 [JS-R] << [H2O2] (5.0 µM JS-R, 1.0 mM H2O2) -D.B
ż 1Ƶêś.<0
, k (s-1)HȣÌ& 
 Ī˓3ʤȟ 2Ȟ 7-2.é6 7-3.-ŕBE&
òƍʳ1D 584 nm3ɗÂŌňH 630 
nm3ɗÂŌň-ʺ,ɗÂŌňƺ FR (F.I.584 nm/F.I.630 nm) Hƾ>&ɗÂŌňƺƓě




& !" = !"$%&(1 − *+,-)  (ŋ 10) ln	(!"$%& −!") = −23 + ln!"$%&  (ŋ 11) 
 FR; 584 nm. 630 nmBƾ>&ɗÂŌňƺ (F.I.584 nm/F.I.630 nm)
FRlim; ɗÂŌňƺ 
(F.I.584 nm/F.I.630 nm) 3Ɠěº
k; êśʔňĩƀ (s-1)




 DMSO (50%) H÷= PBSǙǌ-
10 µM CyBAǙǌ (CyBA without Neu5Ac) Hɺɡ
&ôǙǌHǲ,






ɮĪ˓ (ȟ 3Ȟ 3-1) -ɺɡ& CyBA without Neu5Acé6 CyBA with 
30 mM Neu5AcHɯȾ&;&
660 nm3ÂHʠŬȀ1ʒʛ!Drls_wL
d (660 nm±10 nm) HƏī¼ˈ1ìC¤&ƏīʤBTapÂǗ (300 W, 
300-600 nm) H 15 cm3ǢĴʈ˂-ǢĴ& (Scheme 16) 
 
 
3-3. PVA (5%) YHƲżȀ0ȳȽ.,ǲ&ɗÂM^W3Ī˓ 
 PVAǙǌ (5%) Hɺɡ
Êȵɘɪǂ1ACYÝHɚ)&3 5% PVAYÇ
1Ī˓3ʤȟ3Ȟ3-1-ɺɡ&CyBA without Neu5Acé6
CyBA with 30 mM Neu5Ac
H$E%E 20 µL"*ǄÄ
ƏīÇ1ɯȾ&Əīʤ1rls_wLd 
(660 nm±10 nm) HìC¤&Əī¼ʤBTapÂǗ (300 W, 300-600 nm) HǢ
Ĵʈ˂ Ȭ 6 cm
ǢĴɩň Ȭ 60°-ǢĴ& (Scheme 17) 
Scheme 16. Evaluation system for fluorescence image of JS-R solution using Xe lamp 












4. JS-R3 H2O2ƫÌ1Đ+WZ_a]W1ʴ!DĪ˓ 
4-1. GlcČ1D GOx3ƕǠ1AD JS-R3ɗÂ_|VkǕĩ 
 HEPESȼɜǌ (10 mM, pH 7.4) - 5.0 µM JS-RǙǌ (JS-R without GOx and Glc)Hɺ
ɡ&ôǙǌHǲ, 10 µg/mL GOx.0DǙǌ (JS-R with GOx, without Glc) HǕ
ĩ3Òƈ1ɺɡ&Ǚǌ3ɗÂ_|Vk4
¦3ɗÂÂňɬƟ¨-Ǖĩ&
(λex 564 nm, ǕĩǃʰȥĈ 550-800 nm, ʅƤʔň Fast, [yWʳʽ 1.0 nm, r
lŃ Ùʆ 3 nm ǾÂ 3 nm, ţň Low)  
 
4-2. GOxÆĥ3 JS-R73 GlcǑ×Ī˓ 
 HEPESȼɜǌ (10 mM, pH 7.4) - 5.0 µM JS-RǙǌHɺɡ
ôǙǌHǲ, 10 
µg/mL GOx .0DǙǌ (JS-R with GOx) HǕĩ3Òƈ1ɺɡ&Ǖĩōƈ
JS-R 
with GOxHǲ,






Scheme 17. Evaluation system for fluorescence image of PVA gel containing JS-R using 
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